A simple highly versatile and efficient method has been developed for the three-component coupling of aldehydes, amines and alkynes to prepare propargylamines, in the presence of a catalytic amount of BiCl 3 . The advantages of methods are high yield, mild reaction conditions, no environmental pollution and easy work up procedure.
Introduction
The development of synthetic strategies for C-H bond activation is one of the most important areas in organic chemistry.
1 Three-component coupling of the alkyne, aldehyde and the amine (A3 coupling) 2 gave propargylamines, which are versatile synthetic intermediates in organic synthesis and are also important structural elements in natural products and pharmaceutical preparations.
3 They are important building blocks for the synthesis of heterocyclic compounds such as pyrrolidones, oxoazoles and pyrroles etc. 4 These compounds have traditionally been synthesized by nucleophilic attack of lithium acetylides or Grignard reagents on imines or their derivatives.
5 However, these reagents must be used in stoichiometric amounts, are highly moisture sensitive, and require strictly controlled reaction conditions. An alternative atom-economical approach to their synthesis is to perform this type of reaction by a catalytic coupling of alkyne, aldehyde, and amine (A3 coupling) by C-H activation.
The alkyne C-H bond can be activated by employing various homogeneous metal catalysts such as gold complexes, 
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In continuation of our investigations on the use of heterogeneous catalysts for fine chemical preparation through multicomponent procedures 44, 45 and working with cyclic amines, 46,47 here we present our recent studies on the synthesis of substituted propargylamines via three-component reaction between aldehydes, terminal alkynes, and secondary amines in the presence of Bismuth(III) chloride in ethanol.
Experimental
General Remarks. All reagents were purchased from Merck and Aldrich and used without further purification. Products were characterized by spectroscopy data (IR, FTIR, 1 H NMR spectra), elemental analysis (CHN) and melting points. A JASCO FT/IR-680 PLUS spectrometer was used to record IR spectra using KBr pellets. NMR spectra were recorded on a Bruker 400 Ultrasheild NMR and DMSO-d 6 was used as solvent. Melting points reported were determined by open capillary method using a Galen Kamp melting point apparatus and are uncorrected. Mass Spectra were recorded on a Shimadzu Gas Chromatograph Mass Spectrometer GCMS-QP5050A/Q P5000 apparatus.
General Procedure for the Synthesis of Propargylamine Derivatives. To a mixture of aromatic aldehydes (1.0 mmol), amines (1.2 mmol) and phenylacetylene (1.5 mmol) in anhydrous ethanol (5 mL) was added Bismuth (III) chloride (10 mol %) and the solution were mixed and stirred at reflux for appropriate time. After completion of the reaction (as monitored by TLC), the ethanol was removed under vacuum. The crude mixture was purified by flash column chromatography (EtOAc/petroleum ether 1:4) to afford the pure product.
Data for N-(1,3-Diphenyl-2-propynyl)piperidine ( 
Results and Discussion
In an effort to develop an optimal catalytic system, various reaction parameters like effect of temperature, catalyst loading, solvent and time were studied for the preparation propargylamines via reaction of benzaldehyde, piperidine and phenylacetylene in solvent under reflux and the results are summarized in Table 1 .
The control experiments for the three-component reaction conducted under identical conditions and devoid of BiCl 3 gave no coupled product, despite prolonged reaction times.
Various Bi-based catalysts such as Bi(OTf) 3 ·4(H 2 O), Bi(OAc) 3 and Bi(NO 3 ) 3 ·5(H 2 O) were screened for the threecomponent reaction. BiCl 3 was found to be the most effective catalyst that afforded excellent yield (Table 1 , entry 5). The lower catalytic activities of Bi(OTf) 3 ·4(H 2 O), Bi(OAc) 3 and Bi(NO 3 ) 3 ·5(H 2 O), may be due to their filled coordination sites that hardly interact with C-H bond of the alkyne (Table 1 , entries 9 and 10). The BiCl 3 can binds with the C-H bond of the terminal alkyne effectively showing better catalytic performance (Scheme 1).
In a systematic study (Table 1) , phenylacetylene was added to a solution of benzaldehyde, piperidine and BiCl 3 in ethanol and the reaction mixture was stirred for 10 h at room temperature or 5 h at refluxing. Our initial experiments focused on the optimization of the amount of BiCl 3 by using 1 equiv of benzaldehyde, 1.2 equiv of piperidine, 1.5 equiv of phenylacetylene and variable amount of BiCl 3 . It was found that in absence of catalyst no conversion to product was obtained even after 10 h at room temperature.
To investigate the effect of catalyst amount, the model reaction was carried out in the presence of different values of catalyst (2, 5, 8, 10, 15, 20 and 25 mol %).
We observed that 10 mol % of BiCl 3 (based on benzaldehyde) could effectively catalyze the reaction with 2 and 5 mol % of BiCl 3 , a lower yield was observed under the same reaction time (Table 1 , entry 2-3) and increasing the amount of BiCl 3 to 15, 20 and 25 mol % showed no substantial improvement in the yield (Table 1 , entry 4-6). To check the solvent effect on the outcome of the reaction, the above model reaction was carried out with 10 mol % of BiCl 3 in solvents such as H 2 O, EtOH, CH 3 CN, DCM, DMF, THF and Toluene. (Table 2 ). Acetonitrile and ethanol provided excellent yields and proved to be the solvent of choice. It was observed that much better yield was obtained when the reaction was carried out in ethanol at other solvents (Table 2, entry 2) whereas MeOH and dichloromethane afforded lower yields. The reaction in THF afforded very poor yields whilst the use of DMF and toluene could not effectively catalyze the reaction. Various functionalities present in the aryl aldehydes, such as halogen, methoxy, methyl, hydroxyl and nitro groups were tolerated. The results in Table 3 indicate that the aromatic aldehydes with both electron-donating and electronwithdrawing substituents displayed high reactivity and generatedthe desired products in good to excellent yields. This can be ascribable to the fact that the iminium ion formation from the aldehyde and the secondary amine (first step of the reaction) is very fast and it is independent from the nature of the aromatic aldehydes.
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On the basis of these results, together with the literature reports. 15, 30, 31, 33, 35 A tentative mechanism for the BiCl 3 -catalyzed aldehyde-alkyne-amine coupling is proposed in Scheme 1. The reaction involving the activation of the C-H bond of alkyne by BiCl 3 . The Bi-acetylide intermediate generated by the reaction of acetylene and BiCl 3 reacted with the iminium ion generated in situ from aldehyde and secondary amines to give the corresponding propargylamine.
Conclusions
In conclusion, we have successfully introduce a simple and efficient method for the three-component coupling of aldehydes, cyclic amines and alkynes in ethanol to synthesis of propargylamines in moderate to very good yields using Bismuth (III) chloride. This protocol is an environmentally friendly process and can be used to generate a diverse range of acetylenic amines in good to excellent yields. The simple procedure for catalyst preparation, easy recovery and reusability of the catalyst are expected to contribute to its utilization for the development of benign chemical processes and products.
